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Fig. 15
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Fig. 16
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Fig. 18
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SHAFT OF A GAS-TURBINE ENGINE, IN
PARTICULAR A RADIAL SHAFT OR A
SHAFT ARRANGED AT AN ANGLE TO THE
MACHINE AXIS

This application claims priority to German Patent Appli-
cation 102012022198.3 filed Nov. 13, 2012, the entirety of
which is incorporated by reference herein.

BACKGROUND

This invention relates to a shaft of a gas-turbine engine, in
particular a radial shaft or a shaft arranged at an angle to the
machine axis.

Radial shafts for gas-turbine engines are mostly made of
metal. They are used to start the engine, where an electric
motor or an air turbine installed in an external gearbox drives
the radial shaft via a gear unit. This shaft is connected via a
gear unit to the high-pressure compressor of the gas turbine.
For starting, the high-pressure compressor is thus put into
rotation in order to start the combustion process.

During operation of the engine, the shaft is driven via the
same connection in the reverse direction, in order to drive
pumps and generators using an external gear unit.

Shafts of this type are subject to the following require-
ments: firstly the shaft has to be constructed very slender,
since it must be passed through a strut in the intermediate
casing or as a general principle through the second air circuit
in the case of a dual-circuit/dual-flow turbine jet engine, and
hence always represents a fluid-mechanical resistance which
directly affects engine output and efficiency. With regard to its
geometric configuration, the shaft must be passed through
openings in the engine suspension in order to connect the
external gear unit to the high-pressure compressor. A further
requirement is that the shaft must transmit high torques at
high speeds in both directions.

Radial shafts made of metal, as known from the state of the
art, come up against the limits of their usability for engine
design, as these shafts are already designed to the limit of the
bending-critical speed. The materials used do therefore not
permit any lengthening or slimming down of the shaft geom-
etry, which considerably hampers the development of gas-
turbine engines having a smaller core engine with higher
speeds and a larger fan diameter. With a larger fan and a
smaller diameter of the core engine, the result is a greater
distance between the core engine and an external gear unit
(gearbox), which would inevitably result in longer radial
shafts. They would, in the metal construction method known
from the state of the art, have to be designed with thicker
walls, be of larger size and, due to the problem of bending,
have a centric bearing as a support. This would lead to a
higher weight of the overall engine plus poorer acrodynam-
ics.

Already known from the state of the art are engine shafts
for gas-turbine engines, which are constructed from fiber
layers embedded in a high-temperature resistant plastic
matrix. An example of this type is shown by DE 10 2008 056
018 Al. Such shafts have a large diameter and can have other
dimensions, so that the application of this knowledge to radial
shafts is not possible. Furthermore, in these engine shafts
power transmission elements are in use which have a design
unsuitable for radial shafts. Examples of'this are shown by DE
102009 037 049 A1, GB 1 599 292 A and DE 41 07 222 C2.

SUMMARY AND DESCRIPTION OF THE
INVENTION

The object underlying the present invention is to provide a
shaft of an aircraft gas-turbine engine, in particular a radial
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shaft which, while being simply designed and easily and
cost-effectively applicable, avoids the disadvantages of the
state of the art and meets all requirements.

In accordance with the invention, a radial shaft is thus
provided which is designed and manufactured in a fiber-
composite design. Metallic end pieces are here connected to
atubular intermediate part of the shaft, causing a reduction in
the overall weight of the radial shaft. The use of highly rigid
fibers results in a very steep increase in stiffness. Due to the
resultant higher bending-critical speed, it is not necessary to
support the shaft by an additional centric bearing. Due to the
high stiffnesses and high strengths of the fiber materials, it is
possible to provide very long shaft structures, which can
bridge the distance between a core engine and an external
gearbox, while not necessitating any increase in the shaft
diameter. The shaft in accordance with the invention is also
characterized in that high torques can be transmitted and that
a considerable increase in the natural frequency is achieved.

The radial shaft in accordance with the invention can there-
fore be designed to rotate very fast, so that speeds of up to
30,000 rpm can be achieved. Furthermore, the radial shaft in
accordance with the invention is able to transmit high torques,
for example up to 2,000 Nm. The diameters of such radial
shafts can be very low, for example up to a maximum of 150
mm, in conjunction with very low wall thicknesses of approx.
3 mm, considerably reducing the overall weight.

The shaft in accordance with the invention can be manu-
factured preferably by means of the manufacturing method
hereinafter described, with the following manufacturing steps
being provided:

provision of a conical, rod-shaped metal core with end

areas at both sides, where the end areas each have around
their circumference a sinusoidal structure with convex
and concave areas extending in the longitudinal direc-
tion of the respective end area,

placing of structured rods (round rods) into the concave

areas of the sinusoidal structure. This results in an
approximately round structure of the core, where the
necessary oversizes used for pressing the deposited car-
bon fibers into the sinusoidal valleys are created after the
removal of the round rods,

wrapping the core and the end areas with flat and splayed

carbon fiber strips in a direction of +45° to the longitu-
dinal axis of the core by applying the carbon fibers,
removal of the structured rods,

radial pressing of the carbon fiber layers into the concave

zones of the end areas of the core formed after removal
of the structured rods,
placing of filler rods of carbon fiber material into the con-
cave zones of the end areas of the carbon fiber layers
formed by pressing, in order to fill up the structure.
Similar resin and fiber materials are used here for manu-
facturing the filler rods, the latter being made using the
compression method,
arranging highly rigid carbon fibers in the 0° direction
(shaft longitudinal direction),

wrapping the carbon fiber layers and the end areas provided
with the filler rods with carbon fiber strips inclined at
+/-88° to the longitudinal axis,

placing the wrapped core into a multi-part resin injection

mould,

injection of resin into the resin injection mould, and heat-

ing and curing of the resin,

removal of the core,

cutting to length of the end areas of the tubular center part

of the radial shaft thus formed,
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insertion of a metallic load-input end piece into each end

area of the tubular center part, and

joining the load-input end piece to the tubular center part.

In a preferred embodiment, it is provided that the metallic
load-input end piece is joined by resin infiltration into the
intermediate space between the load-input end piece and the
end area of the tubular center part. This results in a positive
connection, not however in a cohesive connection, and in
particular not in a bonded one. The connection is achieved by
friction between the resin placed into the space between the
tubular center part and the load-input end piece. This space is
for example 0.01 mm to 0.1 mm thick. The load-input end
piece is therefore again detachable from the tubular center
part.

In a favourable embodiment, it is also provided that the
jacket is made of layers of splayed carbon fiber strips
arranged parallel to one another by winding the layers around
a polygonal core element, dividing the layers into individual
sections and fixing the individual sections, plus subsequent
folding of the center area of the layers made from carbon fiber
strips inclined by +/-30°, in order to form the jacket.

The center area of the structure made up oflayers of carbon
fiber strips inclined by +/-45° is, in a favourable development
of the invention, wrapped with at least one layer of carbon
fiber strips arranged along the longitudinal axis.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described in the following in light
of the accompanying drawing, showing exemplary embodi-
ments. In the drawing,

FIG. 1 shows a schematic representation of a gas-turbine
engine in accordance with the present invention,

FIG. 2 shows a simplified longitudinal sectional view of an
exemplary embodiment of the shaft in accordance with the
invention,

FIG. 3 shows a sectional view along the line III-1II of FIG.
25

FIG. 4 shows a perspective view of an exemplary embodi-
ment of the load-input end piece in accordance with the
invention,

FIG. 5 shows a sectional view of an exemplary embodi-
ment of the load-input end piece in accordance with the
invention,

FIG. 6 shows a side view of an exemplary embodiment of
the load-input end piece in accordance with the invention,

FIG. 7 shows an end view of an exemplary embodiment of
the load-input end piece in accordance with the invention,

FIG. 8 shows a sectional perspective view of an exemplary
embodiment of the load-input end piece in accordance with
the invention,

FIG. 9 shows an enlarged sectional view of an end portion
of an exemplary embodiment of the load-input end piece in
accordance with the invention,

FIG. 10 shows a sectional view of an exemplary embodi-
ment of the load-input end piece in accordance with the
invention,

FIG. 11 shows a perspective view of a core with sinusoidal
structure of its end areas and structured rods,

FIG. 12 shows a view of a subsequent manufacturing pro-
cess, where the core 18 is wrapped with +/-45° layers of fiber
strips,

FIG. 13 shows a view, by analogy with FIG. 12, of a further
process step,

FIG. 14 shows a view of the process step of compressing
the end areas of the +/-45° layers,

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 15 shows a view of the completion process after
pressing as per FIG. 14,

FIG. 16 shows a view, by analogy with FIG. 15, of the
subsequent process step after the insertion of the filler rods,

FIG. 17 shows a view of the process step following F1G. 16
after jacketing of the structure shown in FIG. 16,

FIG. 18 shows a perspective partial view of a resin injection
mould,

FIG. 19 shows a perspective view of a joining device for
joining the load-input end pieces to the tubular center part of
the shaft,

FIG. 20 shows a sectional longitudinal view, illustrating
the respective layers of carbon fibers,

FIG. 21 shows a detail view in accordance with FIG. 20,

FIG. 22 shows a sectional longitudinal view, illustrating
the respective layers of carbon fibers,

FIG. 23 shows the notation of orientation of fibers as shown
in FIGS. 20-22,

FIG. 24 schematically show a +/-45° orientation of fibers,

FIG. 25 schematically shows a zero orientation of fibers,
and

FIG. 26 schematically shows a +/-88° orientation of fibers.

FURTHER DESCRIPTION OF THE INVENTION

The gas-turbine engine 2 in accordance with FIG. 1 is a
generally represented example where the invention can be
used. The engine 2 is of conventional design and includes in
the flow direction, one behind the other, an air inlet 3, a fan 4
rotating inside a casing, an intermediate-pressure compressor
5, a high-pressure compressor 6, a combustion chamber 7, a
high-pressure turbine 8, an intermediate-pressure turbine 9
and a low-pressure turbine 10 as well as an exhaust nozzle 11,
all of which being arranged about a center engine axis.

FIGS. 2 and 3 show an exemplary embodiment of the radial
shaft in accordance with the invention, or of an engine shaft of
the inventive type. The shaft is designed either as a radial shaft
14 or as a shaft 16 arranged at an angle and is used to connect
a gear unit 13 (see FIG. 1) to a gear unit 15. The gear unit 15
can be operatively connected to auxiliary units. The shaft
designed in accordance with the invention can also be
designed in the form of a shaft 16 arranged inclined (see FIG.
1) and connected to a gear unit 17 for the connection of
auxiliary units.

The following description relates to the radial shaft 14, the
shaft 16 arranged at an angle in accordance with the invention
being designed analogously.

The shaft 14 includes an inside arrangement of layers 24
which is made up of carbon fibers positioned at +/-45° to the
center axis 30 of the shaft. See FIG. 24 (not necessarily to
scale). The layers 24 thus form a part of a tubular center part
28 of the shaft 14 in accordance with the invention. The shaft
14 is connected to two load-input end pieces 29, as will be
described in the following. The load-input end pieces 29 are
each provided at their free end areas with a toothing 31, which
can for example be designed as a serration. This is shown in
particular in FIGS. 4 to 10.

FIGS. 2 and 3 show furthermore that on the layers 24 of the
tubular center part 28 further layers 25 are provided, which
are formed from carbon fibers at a position of +/-30° to the
center axis 30. The layers 24 form an intermediate structure
for torsion transmission. Layers 32 are arranged on the layers
24 and include high-modulus carbon fibers arranged parallel
to the center axis 30 of the shaft and hence at 0° to the center
axis 30, contributing to increasing the stiftness. The layers 25
are used for compacting of the composite and for fixing of the
zero layers 32. See FIG. 25.
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The end areas 27 of the shafts 14 and 16, respectively, have
a sinusoidal inner contour, as can be seen from FIG. 3. A
load-input end piece 29 is inserted into this sinusoidal inner
contour and has a matching sinusoidal outer contour, as can
beseenin FIG. 3. The result is therefore a positive connection.
As will be described in the following, the layers 24 are sinu-
soidal both at their inner contour and at their outer contour. To
fill the concave interspaces, filler rods 23 made of carbon
fiber-reinforced resin are arranged, on which rods the
arrangement of the zero layers 32 is located, which has a
cylindrical outer contour.

FIGS. 4 to 10 show the load-input end pieces 29 provided
in accordance with the invention in differing illustrations of
modified exemplary embodiments. These end pieces 29 each
have a centric recess 33, which at the end area merges into
radial ducts 34. It is thus possible, during pressing of resin as
part of the joining process (see description of FIG. 19), to
press out resin, as shown in FIG. 10, through the centric recess
33 and the radial ducts 34, in order to fill resin into the
intermediate space between the outer contour of the load-
input end piece 29 and the end area 27 of the shaft 14. This
results in a precisely fitting positive connection.

The radial shaft 14 in accordance with the invention thus
consists of a fiber composite with two load-input elements 29
and a tubular center part 28. The connection between the fiber
composite of the center part 28 and the load-input end pieces
29 is thus achieved using the sinusoidal contour, which per-
mits a transmission of high torques at relatively small diam-
eters. The contour is similar to the course of a sine function
which follows the diameter continuously. This sinusoidal
shape is provided on the inside of the fiber composite part. As
described in the following, this design of the end area 27
forms an important aspect of the present invention. The fiber
composite part of the shaft 14 has a rotationally symmetrical
design, which includes from the inside to the outside the
already mentioned layers 24 with +/-45° alignment, a zero
layer 32 and layers 25 with +/-30° alignment.

In the following, a preferred manufacturing method is
described in detail. FIG. 11 shows a preferably multi-part
core 18. The latter is designed conical, since the shaft 14 too
has a slightly conical structure. The core 18 is provided with
end areas 19, which have a sinusoidal structure 20. Structured
rods 21 are inserted into the concave areas and are held by
means of a positioning aid 35. This state is shown in FIG. 11.
Subsequently, +/-45° layers are applied using a conventional
winding method. Here, the fibers are applied in dry condition,
consist of splayed carbon fiber strips and are therefore flat so
that crossover points between +/—45° arrangements are easily
obtained. The layers 24 are applied completely over the end
areas 19, as is shown in FIG. 12. The end areas of the layers
24 are fixed using cable ties 36 (see FIG. 12).

As shown in FIG. 13, the end areas 37 are tied in order to
hold the layers of the carbon fiber material after the position-
ing aids 35 have been removed. This is followed by compress-
ing of the end areas of the layers 24 by means of a pressing
tool 38, which has radial slots inside which pressing elements
39 are radially moveable. The layers 24 are thus pressed into
the concave zones ofthe end areas 19 of the core 18 (FIG. 14).
The resultant intermediate step is shown in FIG. 15. It can be
seen that the layers 24 follow the sinusoidal contour 19 of the
core 18, as shown as the end result in FIG. 3.

Subsequently, filler rods 23 are inserted, as shown in FIG.
16, for filling the concave zones of the outer contour of the
end areas 27 of the layers 24. The filler rods 23 are held by a
positioning aid 40.

The filler rods 23 are designed as contoured and flat rods, as
can be inferred from FIG. 3. They therefore completely fill the
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concave zones of the sinusoidal structure, so that a cylindrical
outer contour results. Onto this outer contour, zero layers 32
in the form of a mat or wound strips are applied as shown in
FIG. 17. The zero layers are manufactured using additional
tools. In particular, a cuboid-shaped winding core having a
corner radius is used here. The highly rigid fibers are placed
onto the cuboid-shaped winding core, then cut and removed,
and applied in accordance with FIG. 17.

It can be provided here that at least one layer 45 of carbon
fiber strips arranged at +/-88° is positioned at least radially
adjoining the load-input end pieces 29, in particular instead of
the zero layers 32. See FIG. 26 (not necessarily to scale).

The structure thus manufactured has +/-30° layers 25
applied to it, as shown by the representation of FIG. 18. Then
the entire arrangement is placed into a multi-part resin injec-
tion mould 26 and infiltrated with resin. The resin is thus
pressed under pressure into the dry fiber pre-mould, i.e. into
the layers 24, 32 and 25. This is a high-temperature resin
system which quickly cross-links once the arrangement has
been heated to a suitable temperature. For example, the resin
quantity is heated within 5 minutes to 140° C., with the resin
being injected within 3 minutes into the tool in order to
completely cross-link the layers 24, 32 and 25.

Subsequently, the individual parts of the core 18 or its end
areas 19 are taken out and the projecting areas of the filler rods
23 are removed. The sinusoidal end areas of the load-input
end pieces 29 are now inserted into the tubular center part 28
of the shaft 14. The length of the sinusoidal areas is for
example between 50 and 70 mm. To join the load-input end
pieces 29 to the tubular center part 28, they are inserted, as
shown in FIG. 19, into a joining device 41 which is designed
in several parts. Subsequently, resin is injected from the front-
side, as is shown schematically in FIG. 10. This completes the
radial shaft 14.

FIGS. 20 and 22 show sectional views parallel to the center
axis 30 of the shaft 14, 16, illustrating the arrangements of the
individual layers of the carbon fibers and their angular align-
mentrelative to the center axis 30. FIG. 21 shows a detail view
of FIG. 20. FIG. 23 shows the notation of orientation of fibers
as shown in FIGS. 20-22.

LIST OF REFERENCE NUMERALS

1 Engine axis

2 Gas-turbine engine/core engine
3 Air inlet

4 Fan

5 Intermediate-pressure compressor (compressor)
6 High-pressure compressor

7 Combustion chambers

8 High-pressure turbine

9 Intermediate-pressure turbine
10 Low-pressure turbine

11 Exhaust nozzle

12 Engine casing

13 Gear unit

14 Radial shaft

15 Gear unit

16 Shaft

17 Gear unit

18 Core

19 End area of core

20 Sinusoidal structure

21 Structured rod/round rod

22 Longitudinal axis

23 Filler rod

24 +/-45° layers
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25 +/-30° layers

26 Resin injection mould
27 End area of shaft 14, 16
28 Tubular center part

29 Load-input end piece
30 Center axis of shaft
31 Toothing

32 Zero layers

33 Centric recess

34 Radial duct

35 Positioning aid

36 Cable tie

37 Tied areas

38 Pressing tool

39 Pressing elements

40 Positioning aid

41 Joining device

What is claimed is:

1. A shaft of a turbine engine comprising:

a center part, and

load-input end pieces,

wherein the center part includes a conical tube made of a
carbon fiber composite material,

wherein the load-input end pieces are made of a metallic
material and connected to the center part via a positive
sinusoidal structure including axially extending concave
areas positioned on the load-input end pieces;

the center part including end areas formed to at least par-
tially fill the concave areas of the load-input end pieces,
resulting in axially extending corresponding concave
areas on outer peripheries of the end areas;

a plurality of filler rods of carbon material positioned one
each in the corresponding concave areas on the outer
peripheries of the end areas, each of the plurality of filler
rods having an elongated body having a radially inner
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side shaped to match a shape of the corresponding con-
cave areas and a radially outer side shaped such that the
plurality of filler rods together form a generally cylin-
drical outer shape when the plurality of filler rods are
axially positioned in the respective axially extending
corresponding concave areas;

a further layer of carbon fiber composite material applied

over the end areas with filler rods.

2. The shaft in accordance with claim 1, wherein the center
part includes layers of flat and splayed carbon fiber strips
arranged at an angle of +/-45° to a center axis of the center
part.

3. The shaft in accordance with claim 2, wherein the center
part includes on the +/-45° layers of flat and splayed carbon
fiber strips at least over part of its axial length at least one
layer of splayed carbon fiber strips arranged parallel to a
center axis of the center part.

4. The shaft in accordance with claim 2, wherein the center
part includes at least one layer of carbon fiber strips arranged
at +/-88° positioned to radially adjoin at least a portion of at
least one of the load-input end pieces.

5. The shaft in accordance with claim 1, wherein the end
areas of the center part have a sinusoidal sectional shape.

6. The shaft in accordance with claim 1, wherein at least
one of the load-input end pieces includes a sinusoidal outer
contour over part of its length.

7. The shaft in accordance with claim 6, wherein the sinu-
soidal outer contour includes convex areas.

8. The shaft in accordance with claim 1, wherein at least
one of the load-input end pieces includes a centric recess
which merges into at least one radial duct.

9. The shaft in accordance with claim 1, wherein the carbon
fiber composite material includes carbon fibers impregnated
with resin and cured.



